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@ System for telemetering data. 

© A data telemetering system includes a plurality of remote transmitter units (RTUi-RTU„) connected via an 
alternating current power supply mains (PSM) to a central receiver (CRU). Each cycle of the line voltage Is 
divided into a plurality of time slots, and each transmitter (RTUi-RTU„) transmits its data in a separate time slot 
assigned to it The data is binary multi-bit digital data, and one bit is transmitted by each transmitter (RTUi- 
RTU n ) in its assigned time slot during each cycle of the line voltage. 
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Description of EP0370943 



SYSTEM FOR TELEMETERING DATA 

The invention relates to system for telemetering data. The invention is particularly useful for telemetering the data 
e.g., electrical consumption meters, and is therefore described below with respect to this application. 

The modern world functions by means of electrical energy distributed via power supply mains generally operating 
an alternating line voltage of 50 or 60 Hz. Most modern equipment is powered by such power supply mains, wher 
data communication is usually effected via other channels. 

It would be highly desirable to use the power supply mains as the common communication medium, by multiplexi 
the data from a plurality of consumers to a central receiver. However, such a system requires synchronization 
between the consumer transmitters and the receiver. This means the transmitter would need a receiver which is > 
sensitive, narrow-band, and equipped with noise-rejection and error-coding/decoding circuitry, and which would 
therefore make the system very costly. 

An object of the present invention is to provide a low-cost telemetering system which enables data from a large 
number of remote transmitter units to be transmitted to a central receiver unit via the power supply mains. 

According to the present invention, there is provided a telemetering system comprising: transmitter apparatus 
including a plurality of remote transmitter units connected via an alternating current power supply mains to a rece 
apparatus including a central receiver unit for receiving data from the remote transmitter units; the transmitter 
apparatus comprising divider means for dividing each cycle of the line voltage into a plurality of time slots, and 
transmitter means for transmitting to the power supply mains the data of each of the remote transmitter units in a 
separate time slot assigned to the respective unit; the central receiver unit comprising divider means synchronize 
by each cycle of the line voltage for dividing same into a plurality of time slots corresponding to those of the 
transmitter apparatus, and detector means for separately detecting the data in the time slot of each respective 
remote transmitter unit; the transmitter units transmitting binary multi-bit digital data, one bit being transmitted by 
each transmitter unit in its assigned time slot during each cycle of the line voltage of the power supply mains. 

For example, a line voltage of 50 Hz may be divided into at least 50, preferably about 150, time slots and may 

therefore be used for telemetering data from many remote transmitter units to a central receiver unit. 

Fig. 1 is a line synchronization timing diagram helpful in understanding the present invention; 

Fig. 2 is a block diagram illustrating one form of telemetering system constructed in accordance with the present 

invention; 

Fig. 3 is a block diagram illustrating the transmitter control apparatus for transmitting the data from the remote 
transmitter units into the power supply mains, and the central receiver unit for detecting the data of all the remote 
transmitter units; and 

Fig. 4 is a timing diagram illustrating the operation of the apparatus of Figs. 2 and 3. 

As briefly described above, the telemetering system and method of the invention utilize the common power suppl; 
means operating at an alternating line voltage of, e.g., 50 or 60 Hz, for transmitting the data from a plurality of 
remote transmitter units (e.g., electrical power consumption meters), to a central receiver unit. 

For example, Fig. 1 illustrates one cycle of the line voltage in a 220 volt, 50 Hz power supply, wherein it will be se 
that the peak voltage is 31 1 v. By the use of a simple digital gate, having a relatively non-accurate and unstable 
input threshold of 2.5 v +/- 1 v, the minimum threshold detecting time after the absolute zero crossing point, may I 
computed as follows: EMI3.1 

The maximum threshhold detecting time may be computed as follows: EMI3.2 

This means that there is an uncertainty of 20 mu Sec, or 0.1% (1/1,000) of the cycle duration or cycle. 
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If a better detector is used (e.g., the 74 HC series) the variation of threshold may be decreased by one-tenth, whi< 
would thereby reduce the uncertainty to 2 mu Sec, or 0.01 (1/10,000) of the cycle. 

Delays caused by limited signal velocity along long lines are also to be added to the uncertainty margin. For 
example, in a low-voltage-transformer distribution apparatus, in which the most distant points may reach 2 Km, ai 
the electromagnetic signal speed is around 0.7 C (C=light velocity in vacuum), there may be a delay of: EMI4.1 tc 
produce a total uncertainty margin of approximately 0.06% 

In the example illustrated in Fig. 1 , the time slot width was selected to be approximately 133 mu S, which is ten tii 
the uncertainty margin, enabling 1 50 remote transmitter units to be multiplexed on the line voltage of the power 
supply mains. 

The apparatus may be synchronized with respect to any predetermined point of the cycle or cycle of the line volte 
of the power supply mains, which predetermined point serves as the reference point for dividing the cycle into the 
plurality of time slot. For example, the reference point may be the rising zero-crossing point of the cycle, the fallini 
zero-crossing point of the cycle, or any predetermined point inbetween. 

Fig. 1 illustrates the line synchronization timing when using a line voltage of 50 Hz, such that each cycle is 
approximately 20 ms. In this example, the rising zero-crossing point is used as the reference point, and the comp 
cycle is divided into 150 time slots from the reference point, with each time slot being approximately 133 mu S +/- 
0.5 mu S. Thus, the supply mains may be used for multiplexing the data of 150 remote transmitter units to a centi 
receiver unit. 

It is possible to synchronize the apparatus on both the rising and falling zero-crossing points. This would enable t 
use of a non-polarity transmitter, which is simple to install, but would provide one-half (i.e., 75) the number of time 
slots, and therefore one-half the number of remote transmitter units that may be multiplexed. 

Fig. 2 is a block diagram illustrating one form of telemetering system constructed in accordance with the inventior 

As shown in Fig. 2, the system comprises transmitter apparatus including a plurality of remote transmitter units, 
RTU1— RTUn, which transmit their data to the power supply means PSM. Each transmitter unit includes divider 
means, synchronized by the line voltage of the power supply mains, for dividing each cycle of the line voltage intc 
plurality of time slots, and transmitter means for transmitting to the power supply mains PSM the data of the 
respective remote transmitter unit RTU1-RTUn, in a separate time slot assigned to the respective RTU. Thus, eg 
RTU generates the data to be transmitted, this data appearing on line 2 (Fig. 3), and also generates the RTU 
number, appearing on line 4, identifying the respective unit. 

The receiver apparatus at the receiver end of the power supply mains PSM includes a central receiver unit CRU 
which receives the data multiplexed in the various time slots of the line voltage of the power supply mains PSM, f 
separately detects the data in the time slot of each respective remote transmitter unit RTU1--RTUn. Thus, the cer 
receiver unit CRU outputs both the data, via line 6, extracted from the power mains PSM, and the number, via liro 
10, of the remote transmitter unit RTU 1 -RTUn corresponding to the time slot from which the data was extracted. 
The information outputted by the CRU may be processed in any desired manner, for example by means of a cent 
processor unit CPU, for billing, statistical, or other purposes. 

Fig. 3 more particularly illustrates the construction of each remote transmitter unit RTU 1 -RTUn at the transmitter 
end of the power supply means PSM, and the structure of the central receiver unit CRU at the receiver end. 

Thus, each remote transmitter unit RTU1-RRUn includes a data generator DG which generates the data to be 
transmitted, this data appearing on line 2. Each unit also generates its RTU number via a number generator NG, 
number appearing on line 4. The RTU data appearing on line 2 may be generated in the respective unit in any 
known manner, e.g., by the use of an optical sensor, a magnetic sensor, or the like. This data may be transmitted 
continuously, or it may be stored in a storage device and transmitted periodically, e.g., every hour. The RTU num 
inputted via line 4 may be generated from a register, memory, or fixed by wired jumpers. 

Each remote transmitter unit RTU1--RTUn illustrated in Fig. 3 comprises divider means including a line synch 
detector LSD1 and a timing counter TC1 for dividing each cycle of the power supply mains line voltage into a 
plurality of time slots. Each unit also comprises transmitter means including a pulse transmitter PT for transmittinj 
the power supply mains the data of each of the remote transmitter units RTU1-RTUn, as inputted via line 2, in a 
separate time slot assigned to the respective remote transmitter unit, as determined by the RTU number inputted 
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line 4. 

The line synch detector LSD1 detects a predetermined point on each cycle of the line voltage to serve as the 
reference point for dividing the cycle into the plurality of time slots. In the example illustrated in Fig. 1 , this referen 
point is the rising zero-crossing point of the line voltage cycle, and each cycle is divided into 150 time slots each 
having a width of approximately 133 uS. The line synch detector LSD1 detects the rising cross-over point and 
outputs a reset pulse to the timing counter TC1 at that instant. 

Timing counter TC1 is controlled by a stable oscillator, such as a time base crystal TBC, which provides the basic 
time clock for dividing the voltage cycle into the predetermined number of time slots, in this case 1 50 time slots. 
Timing counter TC1 receives the RTU number via input line 4 and produces, at the beginning of the time slot 
corresponding to the inputted RTU number, a trigger pulse which is applied to the pulse transmitter PT. 

Pulse transmitter PT generates a burst of high frequency pulses when triggered by the trigger pulse from the timii 
counter TC1. For example, the pulse transmitter may operate at a frequency of 90 KHz. The data multiplexed intc 
the power supply mains PSM is in the form of multi-bit serial digital data, with one bit being injected during each 
separate cycle or cycle of the line voltage. Thus, as one example, pulse transmitter PT may inject a burst of pulse 
of 90 KHz when the injected bit represents a "1", and no pulses when the injected bit represents a "0", it being 
appreciated that the bit is injected into the power supply mains at the time slot corresponding to the RTU number. 

Many other arrangements may be used for injecting the data for each remote transmitter unit RTU1--RTUn into th 
respective time slot of the voltage cycle of the power supply mains. For example, an "0" could be represented by 
transmitting pulses of one frequency (e.g., 90 KHz), and a "1" could be represented by transmitting pulses of ano 
frequency (e.g., 120 KHz). Another arrangement, involving redundancy, would be to transmit no pulses to repress 
a "0", and pulses of two frequencies, e.g., 90 KHz and 120 KHz, to represent a "1", such that if the bit cannot be 
properly read in one frequency, it may be read in the other frequency. A still further alternative would be to modul; 
the pulses injected by the pulse transmitter PT, e.g., amplitude, frequency or time-width modulation. 

As described earlier, one bit of the data is injected into the line voltage of the power supply mains PST for each ti 
slot during each cycle of the line voltage. Accordingly, if the data is a word of eight bits, eight line voltage cycles 
would be necessary to telemeter the data. 

Each remote transmitter unit RTU1--RTUn also includes a power supply PS1 for supplying the power to the varioi 
components of the remote transmitter unit. The power supply PS1, however, is a passive power supply, and does 
not have a separate power source but rather derives its energy from the power supply mains PSM. 

The central receiver unit CRU illustrated in Fig. 3 also utilizes the line voltage of the power supply mains PSM for 
synchronization purposes. Thus, it also includes a line sync detector LSD2 which detects the same predetermine- 
point on each cycle of the line voltage as detected in the remote transmitter units RTU1-RTUn, namely the rising 
zero- crossing point, to serve as the reference point for dividing the cycle into the same number of time slots, nan 
1 50 time slots in this example. The central receiver unit CRU also includes a timing counter TC2 periodically rese 
the Reset Pulse from the line sync detector LSD2, corresponding to the assigned slot number of the data detecte 
by the central receiver unit CRU Timing counter TC2 outputs, via line 8, the RTU number of the detected data. 

The data itself is filtered by a band pass filter and amplifier BPFA which passes only the frequency of the pulse 
transmitter PT in the remote transmitter units RTU1-RTUn, and amplifies these pulses. The amplified pulses are 
then fed to a detector/demodulator DD which extracts the data and outputs it via line 6 to the central processor ur 
CPU, with the RTU number outputted via line 8. 

The central receiver unit CRU also includes a passive power supply PS2 which derives its energy from the power 
supply mains PSM in order to power the various components of the central receiver unit. 

The overall operation of system illustrated in Figs. 2 and 3 will now be described particularly with reference to the 
timing diagram of Fig. 4. 

Thus, the curve LV illustrates one full cycle or cycle of the line voltage in the power supply mains PSM, e.g., 50 H 
The line sync detector LSD1 in the remote transmitter unit RTU1--RTUn detects the rising zero-crossing point of 1 
voltage cycle to serve as the reference point for the time slots, and outputs a reset pulse at that instant to the timi 
counter TC1 . The timing counter, as controlled by the time base crystal TBC, divides the cycle into a plurality (e.g 
150) time slots, starting from this reference point. 
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A time slot is assigned to each of the remote transmitter units RTU1--RTUn. The data generated by the respective 
RTU appears on line 2 (Fig. 3), and the RTU number appears on line 4. The timing counter TC1 receives the RTl 
number and outputs a trigger pulse at the beginning of the time slot assigned to the respective RTU. This trigger 
pulse is used for triggering the pulse transmitter PT, which injects a burst of pulses corresponding to the data 
appearing on line 2, into the line voltage at the proper time corresponding to the RTU number appearing on line 4 

Accordingly, during one complete cycle of the line voltage, there will be injected into it one bit of the data from ea< 
remote transmitter unit RTU1--RTUn corresponding to the time slot assigned to the respective unit. If the data is * 
word of eight bits, eight cycles of the line voltage would be required to carry all the data. 

The line voltage, carrying the so-injected data, is received by the band pass filter and amplifier BPFA, and also b) 
the line sync detector LSD2, of the central receiver unit CRU. 

The line sync detector LSD2 detects the same reference point of the line voltage, namely the rising zero-crossing 
point, as detected by the line sync detector LSD1 in the transmitter control unit TCU. This detector periodically re; 
the timing counter TC2, so that the latter outputs, via its line 8, a value representing the RTU number of the 
respective data received by the central receiver unit CRU. 

The band pass filter and amplifier unit BPFA passes only the frequency of the pulse transmitters PT in the remote 
transmitter units RTU1--RTUn, so as to remove all disturbing noises. It amplifies this data, and then feeds it to th€ 
detector/demodulator unit DD, which extracts this data and outputs it via line 6. 

Thus, the central receiver unit CRU outputs to the central processor unit CPU (Fig. 2) both the data, via line 6, an 
the RTU number via line 8. The central processor unit CPU may process this information in any desired manner, 
e.g., for billing, statistical or other purposes. 
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1 . A data telemetering system comprising: transmitter apparatus including a plurality of remote transmitter units 
connected via an alternating current power supply mains to a receiver apparatus including a central receiver unit 
receiving data from the remote transmitter units; said transmitter apparatus comprising divider means for dividing 
each cycle of the line voltage into a plurality of time slots, and transmitter means for transmitting to the power sup 
mains the data of each of said remote transmitter units in a separate time slot assigned to the respective unit; sai< 
central receiver unit comprising divider means synchronized by each cycle of the line voltage for dividing same in 
plurality of time slots corresponding to those of the transmitter apparatus, and detector means for separately 
detecting the data in the time slot of each respective remote transmitter unit; said transmitter units transmitting bir 
multi-bit digital data, one bit being transmitted by each transmitter unit in its assigned time slot during each cycle ■ 
the line voltage of the power supply mains. 

2. The system according to Claim 1 , wherein said transmitter means includes a radio-frequency pulse transmitter 
transmitting the data of the respective remote transmitter unit in the form of radio-frequency pulses. 

3. The system according to Claim 2, wherein each transmitter unit transmits, in its respective time slot, pulses of o 
frequency to represent a binary "0" and of another frequency to represent a binary "1". 

4. The system according to Claim 2, wherein each transmitter unit transmits, in its respective time slot, no pulse ti 
represent a binary "0", and a pulse of two frequencies to represent a binary "1". 

5. The system according to any one of Claims 1 -4, wherein said divider means of the transmitter apparatus 
comprises a line sync detector for detecting a predetermined point on each cycle of the line voltage to serve as th 
reference point for dividing the cycle into the plurality of time slots; and a timing counter periodically reset by the I 
sync detector and controlled by the assigned slot number of the respective remote transmitter unit to trigger the 
transmitter means to transmit the data of the respective remote transmitter unit to the power supply mains. 

6. The system according to Claim 5, wherein said divider means of the central received unit also comprises a line 
sync detector which detects the same predetermined point on each cycle of the power supply mains line voltage ; 
detected in the trarsmitter apparatus to serve as the reference point for dividing the cycle into the plurality of time 
slots, and a timing counter reset by said latter line sync detector for outputting a signal corresponding to the 
assigned slot number of the data detected by said detector means. 

7. The system according to Claim 6, wherein said central receiver unit comprises a band pass filter for passing or 
the frequency of the transmitter means in the transmitter apparatus, and a detector/demodulator for detecting sak 
data from the power supply mains line voltage passed by said band pass filter. 

8. The system according to any one of Claims 1-7, wherein said transmitter apparatus and said central receiver u 
each includes passive power supply means for supplying to the respective apparatus only power derived from the 
power supply mains. 

9. The system according to any one of Claims 1-8, wherein the cycles of the power supply mains line voltage are 
divided into at least 50 time slots. 

10. The system according to any one of Claims 1-9, wherein each of said remote transmitter units measures and 
transmits multi-bit digital data representing electrical consumption of a respective consumer. 
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FIG. 4 "EXAMPLE OF TIMING DIAGRAM FOR BLOCK DIAGRAM 
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